Nitric oxide synthase expression and role during cardiomyogenesis.
The aim of the present study was the investigation of the expression of NOS during cardiomyogenesis and its functional role. The qualitative and quantitative expression of NOS isoforms during different stages of cardiac development was evaluated using immunocytochemistry and dot blots, respectively. The functional relevance of NOS expression during cardiomyogenesis was investigated using the in vitro ES cell-differentiation model and selective pharmacological agents. On day 7.5 of embryonic development (E7.5) none of the NOS isoforms were expressed in the embryo, whereas the inducible (iNOS), as well as the endothelial (eNOS) isoforms were detected in the extraembryonic parts. In contrast, starting from E9.5 rat and murine embryos displayed prominent iNOS and eNOS expression. This was correlated with high expression of soluble guanylylcyclase (sGC) as well as high cyclic GMP (cGMP) content. During further development after E14.5 both, iNOS as well as eNOS, started to be downregulated and shortly prior to birth reduced staining for eNOS was found, whereas iNOS was hardly detectable. We further investigated whether NO plays a role for cardiomyogenesis, using in vitro ES cell-derived cardiomyocytes differentiating within embryoid bodies (EBs). The NOS expression pattern in these cells paralleled the one detected in vivo. We demonstrate that continuous incubation of EBs with the NOS inhibitors L-NMMA (2-10 mM) or L-NA (2-10 mM) for 4 to 9 days after plating resulted in a pronounced differentiation arrest of cardiomyocytes, whereas this effect could be reversed by coapplication of the NO-donor spermine-NONOate (10 microM). Both, iNOS and eNOS isoforms are prominently expressed during early stages of cardiomyogenesis. Around E14.5 NOS expression starts to decline. Moreover, the NO-generation is required for cardiomyogenesis since NOS inhibitors prevent the maturation of terminally differentiated cardiomyocytes using the ES cell system.